Abstract. For the demand of leaf recognition under rotation condition. This paper propose a method to extract the multi-feature extraction and Locally Preserving Projection (LPP) fusion algorithm. First, the texture feature of the leaf is extracted by Local Binary Pattern (LBP) algorithm based on leaf block. Then, in order to improve the speed of feature classification recognition, this paper adopts LPP algorithm for feature dimension reduction of the high dimensional of LBP. In addition, combining leaf texture feature LBP with shape feature (Hu Moment invariants) after dimension reduction, shaping into the comprehensive characteristics of plant leaves. Finally, Support Vector Machine (SVM) classifier is used to establish classifier for classification and identification of plant leaves, the results of experiment have verified the validity of the algorithm in this paper.
Introduction
As the demand for science and biology research, plant classification based on image features is a hot research topic in plant taxonomy [1] . In recent years, domestic and international recognition method based on leaf images are divided into two categories: one is to extract the color, shape or texture of the leaf image as the classification basis [2] . Another is to use manifold learning algorithms (such as PCA, LPP, etc.) on the image feature leafs dimension reduction, then use the classifier in the low dimensional space to realize the identification of the leaf [3] [4] . In the study of feature extraction, Ingronille and Aird [5] extracted 27 shape features of the leaves in 1986,and used the principal component analysis to classify the oak tree. This method is easy to be influenced by the external factors (such as seasonal variation, illumination, etc.), which can affect the accuracy of leaf identification. LBP algorithm was first proposed by Ojala [6] in 1994, used for texture feature extraction. The gray scale of the LBP operator is robust, and can reduce the influence of illumination change on the texture characteristics of the leaf. At the same time, the LBP operator has rotation invariance, and it has a higher recognition rate than the gray level co-occurrence matrix. Since the basic LBP can not fully describe the texture feature of the image, Wang Xian [7] proposed a block based LBP algorithm to describe the texture feature. Liu lian and others [8] use LBP as the fusion algorithm of the texture feature for the identification of plants, Although the proposed algorithm can effectively improve the recognition rate, the types of feature are too many and the feature dimension is too high, which leads the recognition time too long.
In the study of manifold learning algorithms, locality preserving mapping [9] is a new subspace analysis method, which can solve the problem that the traditional linear method such as PCA is difficult to maintain the nonlinear original data, and solve the problem of nonlinear methods to obtain new samples of low dimensional projection defects. According to the complex diversity of plant leaves and larger differences of similar leaf images, Zhang Shanwen [10] presents a probabilistic local discriminant projection algorithm (PLPDP). This method makes full use of the local information, classification probability and category information of sample to realize the classification and recognition of leaves with larger difference. This method is less affected by the difference of the leaf, but it only uses all pixel values as leaf features. When we use the manifold learning algorithms to reduce the dimension of the leaf characteristics, we can not fully exploit the characteristic information of leaves, thus limiting leaf recognition accuracy.
By the above analysis, the core problem is to improve the recognition rate and reduce the recognition time in the process of plant identification. In view of the above problems, this paper uses the LBP algorithm based on block to describe the texture characteristics of the leaf image. Taking into account the simple LBP algorithm in describing leaf texture feature dimension is relatively high, and affect the recognition rate. Therefore, the LPP algorithm is used to reduce the dimension of the high dimensional LBP feature data and the feature of low dimensional LBP is obtained. At the same time, we use Hu moments [11] to describe the shape characteristics of the leaf, and the characteristics of the leaf texture and the shape of the leaf are fused together to form the comprehensive characteristics of the leaf.
In this paper, the multi feature extraction method and the local linear embedding algorithm are described. Finally, the experimental results show that the proposed algorithm can effectively improve the recognition rate and reduce the recognition time.
Plant Multi Feature Extraction Method
Feature extraction of plant leaves, including color, shape, texture and other features. In order to avoid the influence of seasonal variation of leaf color characteristics, we extract the Hu moments to describe the shape features of the leaf image, and combine texture features of LBP and Hu moments together to describe the shape of the leaf and texture.
Local Binary Pattern
(1) Basic LBP algorithm principle
The basic binary pattern is a kind of texture description model. We first define 3 x 3 window and regard the window center pixel gray value of PC as a threshold value. Then we should compare the eight neighboring pixels gray value p.1-p.8 with pc; if the pixel value is greater than the value of the center point, then the pixel point is recorded as 1, otherwise it is recorded as 0.The eight critical points in a clockwise sequence constitute an eight-bit binary number and the binary number is converted to decimal number, that is LBP code for the window center point. Coding formula is as follows:
LBP coding method shown in (2) Block LBP operator Dimension of features extracted by the basic LBP operator is 2P. But in this way, the leaf texture is too little to describe the texture information of the leaf. So on the basis of the basic LBP operator, we propose a block LBP operator to obtain more complete texture features of the leaf.
The specific method is as follows: first we should divide the original image into m×n sub image, the leaf shown in Figure 2 as an example. The process of obtaining the leaf block LBP operator has the following steps, at first, the leaf is divided into 3×3 blocks, then we should calculate the LBP histogram of each block as shown in Figure 3 , last merge all histograms, so that we can get the LBP operator of the whole picture .
From the above process we can obtain a set of 3×3×2 
Hu Moments
Hu moments, which has translation, rotation and scale invariance, can be used to describe the shape of the leaf image features [11] . In this paper, the gray image of the leaf is processed by binary, as shown in figure 4: 
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If we use the block LBP operator, the feature dimension will be very high and contain a large amount of redundancy information. Moreover it is difficult to combine with 7 Hu moments. To solve these problems, we decide to introduce the LPP algorithm to reduce the dimensions of the block LBP operator.
Locality Preserving Projections
In order to achieve high dimensional data dimension reduction, locality preserving projections (LPP) find a linear transformation W through certain performance goals:
Known to exist l training samples X={x i } l i =1  R m , transformation matrix W can be obtained by minimizing the following objective function:
where S is the weight matrix, which can be defined by the k-nearest neighbor method:
where in the formula (14), ε is a number greater than zero, sufficiently small constant; t is a constant greater than zero. From the objective function (13), it can be seen that feature space after dimension reduction is enough to maintain the local structure of the original high dimensional space. The algebraic transformation of the formula (13) are as follows：
The transform matrix W which can make the formula (15) take the minimum can be obtained by solving the following equation. . The dimension of the high dimension vectors in Figure 3 is reduced to 50.
The LPP algorithm can reduce the feature dimension and reduce the amount of computation in the condition of preserving the main feature information. At the same time, LPP is able to introduce the category information of the leaf sample image into the algorithm, which can reduce the distance between the same samples and increase the distance between different samples. It is very convenient for us to classify and recognize the sample.
Example Analysis
In order to verify the effectiveness of the proposed algorithm, in the process of the sample analysis, we select fifty kinds of plant leaves as experimental samples. Each plant contains 12 training sample pictures and a test sample image, a total of 600 leaf sample images. In order to verify the effectiveness of the algorithm for rotating leafs, part of the image is rotated 45 degrees and 90 degrees. In the process of the identification of plant leaves, the image samples are pretreatment, including scale normalization, gray scale processing, the image is adjusted to 320 pixels x 240 pixels of the size of the gray image. Then we should extract block LBP feature from the gray image of the leaf. When calculating the LBP operator, the image is divided into 3×3 blocks, we can extract LBP operator from each block, which make up 3×3×256 dimensional feature vector. Using LPP algorithm to reduce the dimension of LBP feature to 50 dimension. We should extract Hu moment features from binary images of leaves, and merge it with the block LBP feature which has been reduced dimension. Finally, the leaf features fused are introduced into the SVM [12] classifier to classify the leaf samples. The samples of the same plant leaves library are classified and identified, and the recognition rate and time of different algorithms are tested, the results shown in the following table. The following conclusions can be drawn from table 1. Under the same conditions as the other, the LPP algorithm can effectively improve the recognition rate of the high dimensional LBP texture feature dimension reduction. And compared to the high dimension of LBP feature, low dimensional data is easier to be calculated, which reduces training and recognition time. The shape features of the leaf which is described by the Hu invariant moment are used to identify the plant, the recognition rate is low. But the recognition rate can be improved further when it is combined with the texture features after dimension reduction. What is more, because of the low feature dimension of Hu moment, this method has little impact on the calculation speed of the data.
Conclusion
In order to improve the rate and the efficiency of recognition of plant identification, we used the block-based as the texture feature of leaf, and then used LPP to reduce the dimension of, the dimension reduced LBP operator and Hu moment invariant incorporated a comprehensive feature of leaf, established SVM classifier to recognize the leaf. Experimental results show that leaf recognition method proposed in this paper has good practicability. The algorithm applies only to the recognition of single background leaf, how to achieve recognition in complex background leaf will be the focus of future research.
